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GENERAL REPORT 

INITIATION AND CONSTRUCTION 

TUNNEL UNDER THE EAST RIVER, 

NEW YORK. 

The East River Gas Company ol Lon^ Island City was 
a corporation chartered under the Laws of the Stare of New 
York, 1o supply gas in Long Island City, N. Y. During 
ii^i-iBg2, application was made lo the State Legislature to 
grant a new and wider charter whereby gas may be sup- 
plied from works situated in I^ng Island City to the City 
of New York, which rights were granted without the ap- 
plication attracting any general attention- 
Mr. Emerson McMillin, President, in the early part of 
May, 1892, took uoder advisement the feasibility of con- 
structing a tunnel under the two channels ol the East River 
and Blackwell's Island, between Long Island City and New 
York, through which the gas mains of the Company might 

Having been instructed to investigate this question, I Im- Pp 
mediately instituted preliminary survey and eitaniination 1" 

Webster avenue, Long Island City, and New York. The 
result of this examination was 10 determine that the most 
advantageous route would be from the southwest corner of 
the (hen property of the Company at Eiavenswood, to be- 
tween Seventieth and Seventy-fir^t streets, East River, 
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and made drill soundings in order to ascerlain, as ' 
possible, the conditions un<Ler the ijel of tlie nver 
shaft lo<:ations on both ends disclosed bed rock a fe 
below the surtace, and solid rock was visible at Ihe 
lines of the rivers, as well as on Blackwell's Island. The 

at spring tides as high as nine knots per hour on Hood anc 
ebb tides; and running with but little abated llow almo 

the under current runs later than the suHace, so that whi 
it may be still water on the surlace, the tide may be mj 
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gagged the deplh of water, cou[jM suflicieiit lengths 

water brought it up to exact location and made the sound- 
ini;, using al [he time a water pressure of 150 pounds per 
square inch. 

Four soundings were thus made in the cast channel and 

he some two to five rest ot sand and gravel overlying the 
rocki while in the latter there did not appear as great a 
quantity. In no case was there any evidence that the drill 
was striking on any boulder, or anything but solid bed 
rock, and 1 concluded that with very little doubt solid rock 
extended the whole distance across ; and, as an added sale- 
guard, I designed the roof grade ol tunnel profile so that 
the least cover should be 40 feet below the bed of the 

in the deepest part ol the west channel; thus making a 
total depth ol III ieet between the crown of the tunnel 
and the mean fch aea hspon 

On h a>^uinp on I ubm d to h P ident my 
report. 

I the pon c d n u ns o ob a n b ds on the 

McLaugh n R S. Co be n a ab e p oposal. 

Belo e e onfract . s awarded t «a. omd that the 
property on the south side of block in New York could not 
be acquired on favorable terms, and, therefore, the adjoin- 
ing plot fronting on Seventy-first street was purchased, and 
the alignment of tunnel changed to that shown on the 
map and profile hereto attached, on which the tunnel has 
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RavcnsH-ood g the 

top sill and ca g so B ound 

at9J feet below the surfai-e of ground, and consisted of a 
very hard, compact gneiss, almost approaching granite. 
On the New York side, the property which was te- 

Ln possession until July 7th, when the shaft was staked out 
on location back of the proposed esterior street, which is lo 
front on the river. On July 10th the contractors com- 

hi((h sloping street bank for a shaft-head landing, and had 
to build up a dry retaining wall Irom the street to use as 
a dump-car track. Bed rock on this location was found at 
about the street grade, and was the regular micaceous 

The contractors were delayed considerably wilh their 
work owing to non,arrival of their machinery, particularly 

Work throughout on the shafts was very slow, and the con- 
tractors were repeatedly warned to expedite their progress. 

The rock in the New York shaft was straight-grained, 
with dip about 10 degrees off vertical and strike nearly north 

but Ihrnughout of the same formation. No water or diffi- 
culties ol any sort were experienced In sinking this shall. 
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the bottom of which, ijgj leet below the origiiiaL surface, 
was reached during the iveek ending October jglh. 

Al Ravonswood, however, the rock, at all times hard and 
ol about the same kind, was more irregular in formation 
and seamy. About 25 feet bck.w the surface fresh water 

depth increased. As soon as fissures yielding water were 
plugged, it would Horn elsewhere, and as it found its out- 
greater depths the water ceased flowing above. 
This water, although tried lor a considerable time in the 
boilers, was most injurious to them, as tlie carbonate of 
and sul[)hate ol niagnesia were escessive, and its use 
had (0 be stopped. The difliculty of obtaining fit water 
ler purposes was a constant trouble and source of 
delay. This water, although not in any degree salt, was 

nits made the sliaft sinking on this side tedious and ditli- 
lit. The bottom was, however, reached and heading 
rnod during the week ending November 13, 189Z. 
Great care wa-S necessary in arranging lor the alignment i^t™ 
Ihe two headings, as work was to proceed from each end, 

c small size of llic shafts allowed ol nnly an extremely 

Careful triangulnlion was made determining the Shalt 

The width of the channels of tiie river, combined with 
le inability to obtain equal back sights, made it somewhat 
sky to use a V-levcl to determine the level benches on 
either side, and therefore resort was had to (he level of 
the river at dead slack water. Float readings were taken 
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all grades Were calculntod and measured driivn the shafts 
and through the heading. 

The greatest difficulty was in Ihc transference of (he 
heading alignment from the surface to below. The Incur- 
able flospital building on Blackwcll's Island being on the 
line of the tunnel, the shafts were not visible une (mm the 
other. Fortunately, however, the very lofty Clausen mall- 
house at Avenue A stands on line, enabling a point to be 
located on the roof thereof, on the cutcndcd centre line, 
from which monuments were set on either side ; and in 
either case the one back sight was used on the malthouse 

Plumb lines were sot on either side of the shaft, just over 
8 feet apart, and consisted ol No. 24 hard brass wire, to 
which were attached lead weights, weighing about 30 
pounds, being as heavy as the wire would carry, these os- 
cillating each in a tank filled with water. 

The transit was then taken below and set up in range with 
the two plumb wires, allowing about two hours (or them 
to settle steady. Permanent points were therefrom fijcd 
on the rool, (rom which alignment was eslcnded. 

This work was repeatedly checked, usually working at 
it on Sundays, when there would be least interterenco from 
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cage and gear, nnd the heading being driven aboul: So feel 
from the shaft, the shall-sinking derrick was removed and 
the cage put in place. On the New York enJ work pro- 
ceeded without any hindrance of consequence, until at a dis- 
tance of 348 feet from the shaft a seam of decomposed rock 
was struck in the last week of December, iSg!. This tor. 
ination, which will he described hereafter, presented a 
straight face across the heading. It wosperfeclly dry,3S 
the fissure, yielding largo quantities of salt ivatcr [the first 
water of consequence met with in this heading), had been 
tapped 28 feet west, and that appeared to take the xvhole 
How of water. This material was as stiff as dry clay and 

instructions, the contractors then drove ahead a narrow 
heading on the south side about 4 feet wide, thinking pos- 
ably we might get past this seam. They were instructed 
to use timber to support it, although in the narrow heading 
the ground was quite seltsuppor^ng. This heading ad- 
vanced about 9 feet into the soft ground, but unfortunately 
water made its appearance, oozing through and softening it 
up. Two days later, on December 31, 1H93, the foreman in 
charge. Incoming frightened, took upon himself to build a 
bulkhead acriv» the face and (ill uo the hole with timber 
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dent that, i 
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proceed. They desired that [ should authorize the fjnking 
of the shaft, say. ;o feet deeper, and abandoninj; this heading 
already completed, drive tlirough at a lower grade. ! con- 
sidered, however, that there was no certainty as to what 
depth this soft seam extended, and as the present grade 

matic process of tunneling could be woi^ked, I decided 
promptly to run no such risk as proposed by the contract- 

The arrangement now made, after consultation with your 
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wDuJd pay all acconnts uf wages and for materials required 
tor and used in the tunneling of all sott ground within the 
air iock, while the contractors for emploj-ment of all top 

Thisarrangcmentivas tacitly agreed to by the controclors, '" 
who proceeded to carry on the «ork tn this manner, draiv. 
ing upon the Gas Company for weekly payments of men, 
and all orders for special plant requiteii for the air-pressure 
work were issued from my office and accounts rendered to 
and paid by the Gas Company. 

An iur lock was thereupon designed and constructed of 

cut in the rock heading at 30; leet frum the shaft, and 

wail ol brick and cement, solid to the rock. On February 
Z2, 1H93, air pressure was first put on. A couple of days 
were occupied in preliminary arrangements, and, on Feb- 
ruary i!Sth, actual operations were commenced in tunneling 
under 35 pounds pressure of air. Electric lighting was in- 

pressure, and a telephone carried right into the face lor im- 
mediate communication with the engine-room in caics ol 
emergency. 

previously driven in, which indicated only some 2$ feel of 
soft material ahead, it would not pay to go to the expense 
of construction of a shield, and that brickwork circular lin. 
ing would answer every purpose. 

On breaking through the bulkhead, however, we found 
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at once explained the reason for the previnu<i flushes ol 

Using a centre all with heavy timber bracing and iag- 
^ngs, and barrel staves for poLing boards, and keeping the 
bulkliead short lengths ahead, we proceeded with excova- 

iron plates connected by angle irons, and inside with 13-inch 
brickwork, carefully packing the cavity before mentioned 
with hay and debris. This was an extremely dilficHlt piece 
of work. The heading in this ground was enlai^ed and 
made a tiuc circle, for (ho pur|jose of obtaining the 
greatest sircngth in construction, the outside diameter 
being 12 feet. On February sBtli, in order to check the 
inflow of water and squeezing ol ground, the air pressure 
was raised to 37 pounds, and therewith the first diflicullies 



lent, all anxious to obtain 


work at any risk, and particuhirlj 


1 in view of the high rait 




ours. In addition 10 11 


his. the regular air-pressure met 


ad not been accustomed 


to work in as high pressure, anc 


■ere out of condition, or 


, to greater or less degree, suSer 


igfrom theeHectsof Ire. 


e living. 


Our first fatality was t 


he case of Edward Ferris, lore 


lan, who, on March 4th, 


succumbed to the pressure ant 
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The seconil occurred on March lolh, Lnuis Doran, who 
h:iying, as was afterwards learned, been long out ol em- 
ployment and in very low condition, and after having been 
specially warned as to the danger of the work, expired in 
the air lack in coming out after his first " shift " of two 

The third, Theodore Morris, a bricklayer, on March i6th 



Shortly after commencing this pressure work. Dr. 
Andrew II. Smith formulated tor us the following notice 
to employees as to their conditions for working under 



RCLES FOR MEN. 
- the air lock with an empty stomach. 



coHee freely. 
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5. Vtc inu 


Jxicating liquors sparingly. licttcr n 


6. Take at 


least 8 hours sleep every night. 


7. See tha 


t the bowels are open every day. 


S. Never c 


ntcr Ihc air lock if at all sick. 


9. In e«il , 


from the air lock, the time occupied 


fivem 


inutes lor each atmosphere above the i 



Investigation by the medical stall leads to the conclu- 
sion that the earliest injurious cITect in a healthy subject is 
itching, caused by air globules intlieea|)illaries. This may 
be quickly cured by inducing prolose perspiration. 

Secondly, " bends," which is an intense rheumatic pain in 
tbc joints, caused by air globules in the sockets ; may be 
benefited by profuse perspiration and immersion again in 
a heated pressure chamber. 

Lastly, paralysis, which leaves lasting injury, and usually 
is the cause of death when such occurs. 

Any person having any disease of the bronchial lubes, 

highly steoni.heatcd dressing-room and the copious pro- 
vision of hot strong coffee (or the men. 

The hours of employment, too, under air pressure have 
required to be strictly regulated by the pressure under 
which the men were at work. For pressures up to 30 
pounds above the atmosphere, the men will work lor nine 
hours, taking one hour oS in the middle, making a work- 
ing day o( eight hours. For the highest pressures worked, 
however, only one and a half hours at a time is allowed in 
pressure, with one hour rest between, and combining to 
make only lour and a half hours actual work per day. 
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To return 3^111 to tbe work in the New York heading. Pnp«iirH«liiigL 
in which the material was so soit as to be only ivorkatilc 
with Ihc greatest (liflicult}-, and in front oi tight bulkheads. 
All proceeded well, but withal necessarily very slowly, 
until Sunday afternoon, March 36th. In order to keep an 

up an Gdson automatic recording- prefsutc gauge with 
hlRh and low pressure alarm bells attached. Happening to 
proceed to tlie shaft I discovered the foreman, employed 

lock of this gauge and had removed the pencil (mm 
the indicator. The fires in the boilcts were nearly out and 
the air compressor stopping. Investigation showed that 
the engineer and fireman had been drunk and allowed the 
frres to bum out, and the pressure in the heading had 
dropped 11 pounds. A large quantity of the soft ground 
had washed into the heading, and we feared at first that 
very serious damage had been sustained. A diver's 
examination of the bed of the river proved that it was 
intact, and no "cave" had occurred from the river bot- 
tom itself. It was with the greatest difficulty, however, 
that this short length of 6 feet was worked through 
to rock, by means of steel tipped lap jointed oak poling 
boards, driven into the rock ahead ; as a great cavity above 
had washed in. and the quantity of water yielded was 
bringing it down continuously. 

On Apiil ath, this was closed up and the last section of 

The rock ahead was now very soft, seeming in the early 
stages of decomposition, and yet strong enough to be self- 
supporting, and tlie heading was progressing into it 
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On April 2Bth 1 liad the air pressure entirely removed 
id took the contractors into the heniliiij;, poinling out to 
lem tlie face ol rack ahead, and requested them to take 

und that, now the air pressure was removed, the seepage 

rough the brickwork was considerable— (hat it would he 
advisable to back this with face-jointed cnst-iron plates. 
The size of the brickwork and heading completed, limited 
he diameter which we were able to make these plates, and 

found thai by cutting away some o[ the brickwork piece 
by piece, and Inserting plates having llanges deep enough 
to stand the strain, ihiit wo could obUiin an inside clear 
diameter ol to feet 2 inches, as shown on drawing of plate 

ling. 

These 1 at once ordered Irom Messrs. Davics & Tliomas, 

icy being the lowest bidders. 

Following hereupon came ttie troubles between the Gas 
Compauy and Messrs. McLaughlin, kcilly &. O.., which 
ultimately resulted in the suits at law tried in the United 
States Circuit Court, in New York City, before Judge 
Sliipman, in January, iSgi. 

Having driven beyond the first seam ol soft ground 69 
(cet into the rock, the contractors were iiotified to continue 
their contract. This they declined todo, claiming to carry 
out the future work on force account, adding 10 per cent, 
commission to themselves, and rendering an account on 
that basis lor the work executed since January ist, when 
soft ground was struck. Tliis arrangement your f'rcsident 
very rightly decUncd to allow. The contractors then or- 
dered the air compressors to be stopped and their plant re- 
moved. As this would be a most serious matter, in view ol 

covered another seam ol soft ground ahead, your counsel 
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veiiting^ that course and allowing 


urts on May 3is( pre- 


secure and 6t. up our ima plant. 




The controct having thus been te 


rminaled and the con- 


tractors dispossessed, 1 arranged 




force to carry out Ihe work and to 


purchase our own sup- 


plies. 




Up to this time worJ! had procee 


ed very irregularly at 


he Kavenswood end. Bad water 


nd insufficient supply 


or the boilers caused constant su 


spension of work, and 


owing to the volume of water met 


t that end increasing, 


any sioppage of pumping plant ca 


used drowning out of 
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At 253 feet from the centre of Ra 


ens wood shaft we met 






vide, yielding no water, and so can 
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control this mat 


rial and 
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f Ma 


ch, allowing the heading 


md shaft to fill wit 


h water. 


ndn 


work was further done 


on thai end by the 


contract 


rs. 
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wages ofe 



Tbis time, during June and July, was taken advantage □[ 

bcliind which f;rout was pumped at loo pnunds pressure, 
making a perlcttly watertight jub on removal of the air 
pressure. 

Pr<K:eeding with Ihe New Yuck heading, the remaining 8 
feet o( rock was token nut up to the second seam ol soft 
ground, and a test rod driven ahead disclosed nolhing solid 
at a horiKontal depth of 70 feet. We prepared to work 

a few feet ahead, when, on August 3th, the hopeless strin- 
gency of the money market compelled your Board to order 

coming at this particular time, since it permitted the water 
to soften up and erode this soft ground ahead. Nu work 
was therefore done on this side until September 30th, 
when examination showed that it would be necessary now 

safety. The steel shield and hydraulic prcs.iure plant were 
at once ordered, but it was not until November ;5th that 
this was ready lor operations. 
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This second soft seam eitended in all 98 feet, and was 
completcdaud lined on January ifith. The rock ahead was 
of a bad seamy description, yielding quanlilios of salt 
water, but gradually hardened up and became solid. Some 
Gs feet, Jioivever, rcriuired lining with plates, and that por. 
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iis is tound on Blacknell's [sland. changed in character from 
time to time, but was sound, and alter getting under the 
shore ol Blackwoll's Island, yielded only very small quan- 

The rapidity of progress from lliis on until the point of 
meeting was great; and during two weeks, when ioi feet, 

ii. this class ol rock. 
Serious loss and delay was occasioned to this end o( tlic 

as Jones' Wood, caught fire on Ihc southwest end. A high 
southerly wind prevailing, caused the Tire to spread with 
lightning rapidity over the light wooden buildings on 
those two hlocks, and then, although on first evi<lence of 
Hre our fire hose had been put in play, to soak our light 
frame huildings with water, yet the lire passed over the 
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(ram Ihc shah in whicli to build the air lock, and had pre. 
pared everything for putlhig it in piaco. Subsc-quent to 
their leaving, the shaft, which had hiled up through failure 
of steam during the period ol the injunction of court, was 
pumped out, using as our steam supply the permanent 

The air lock was put in place and pressure put on on 
August 14, tS93- General examination was made and it 
was found that a huge cavity ol considerable width inside 
of the rock face had been washed out, extending a couple 
ol hundred leet northwards and high up towards the river 
bed. 

No work was done at this time owing to the order to 
shut down on the work, and the heading was leli in as good 
condition as was possible, to await such time as might jus- 
tify further procedure. 

When, in December, 1893, general orders were issued to 
push the work in every possible manner, it was considered 
that at that time no advantage, in completion of the work, 
would be gained by ordering a second shield for this head- 
delaying the attainment of the shield in use on New York 
beading beyond tht: time calculated upon, and also having 
regard to tlie great importance of expediting the work, 
your rioard deci.led to have a duplicate sliieUt and 
hydraulic plant ordered at once for this side. This second 
shield, in which same slight improvements, suggested by 
the use of the first, had been made, was delivered and 

cavity above described existed, was only some 13 feet deep, 
below that being gravel, sand and boulders. When air press- 
ure w;is put on it was noticed thai with only 10 pounds the 
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iver tor some 500 (cet either way, indi 
ictually lying above the cavity couLd 
:t depth, while the fissure, from whic 



The lieading beyond this jirococded at very rapid rale, 
through, for the most part, a pure white spar, soft and 
easy to work, in wliich progress was lasy and regular, 
and a square heading could be driven. As much as 9S leet 

During this period the sound ol blasting could be heard in 
the other heading, though not very distinctly, but no sound 
ul drilling. It was hoped tliat no more soft scams would 
be met. On May 21st, a lissurc yielding large quantities 
of water was struck, the rocfc having been rapidly chang- 
ing in character for filly feet back. S<) great was the influx 
o( water, flint we had at once to put in a larger pump to 
handle it. and as soon as iliat was done work proceeded 
rapidly under about 35 pounds air pressure. 

This seam appeared to be the cstreme bottom of another ■ 
soft decomposed measure, and lining with segmental phites 
and carefully packing and grouting them, and proceeding 

the re-erection o( the shield, which would have delayed 
the work. Very shortly beyond this point the rocfc head- 
ing struck the same Blackwcll's Island rock being worked 
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Having advanced the headin^r to this paint, 1 considered 
it the best policy to return and clear up and make more 
water-tight the work already cYccnted, and on Ihis opera- 
tion a week was spent very profilabiy- 

On July II, iSg4. the measurement proved there lo be 21 
Icot only remaining t)Bliveen the faces, and the greatest 
cscltumciit prevailed among the men. At seven o'clock that 
evening the lirat drill was put through from Ravcnswood 
to New York, fair in the middle of <he heading, and at 
about midnight of Uiat day, the wall was blasted out and 
(he headings met at jfiy6 feet from the New York shaft; 
and those present walked through Irum New York lo Long 
Island City by way of the pioneer tunnel under the East 
River. 

The original contract with Messra. McLaughlin, Reilly Ob 
& Co- called for the completion of the tunnel by April ii,»" 
1S93. As before mentioned, they commenced work on the 
Ravenswood shaft on June !3th, and turned the heading 
November I3th ; an average rate of progress throughout 

that time of lo^ feet 

The New York shaft was commenced July loth, and 
completed October 29th, making an average rate of progress 
o( .tj'li feet per week, and a maximum weekly rate of 15} 

lu tlie RavenswQod shaft quantities of water were met 
with, auri bad feed water (or the boilers caused delay ; but 
at New York there ivas absolutely no set back, no bailing 
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Their slow profiress on shaft sinking alloivcd tlic con- 
heading, ivliicb would llicrefore ret]uiro a weekly progress, 
for each face, of 56 feel tn get Ihrough riii time. 

In the New York headios up to the point where the soft 
seam was met (viz.: J4S feet from shaft), there was no 
water of any consequence struck, and the rock was 
throughout sound and good to work. 

The progiess, however, made, averaged during this 
period 40^, feet per week, and thi* maximum amounted 
to 57l feet in any one week. 

A( Ravenswood heading, the progress made by con- 
tractors, excluding about 3 iieeks when boilers and pumps 
faifed on them, averaged only 20j=„ feet per week, and the 
greatest in any angle week amounted to 40^ feet. 

At such speeds of driving as these, it would be evident 
that, had the formation been solid rock throughout, the con- 
tractors would have failed to complete the work within tiie 

to the penalty of $100 per day forfeit as contracted. 
Apart from the prioress made while working under air 

Ravenswood heading, when working in rock, have made 



(These figures of course exclude the time li 
sequence of the fire destroying the plant.) 

In accordance with the instructions of your 
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c tore. 






I paj-itig b 



gang leaders, has been carried oul: and lound lo give very 
excellent results. Taking into consideration the importance 
to your Company of having the heading completed early, 
this increased cost of driving will be amply justlliFd. The 
difference in the results attained by the original contractors 
and by our const iiictlon force are so marked as lo de- 
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is uniformly about fifteen degrees east oi vertical, tl 
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feet of gravel boulders ovcrLyiiig. 

In the Eaat Channel, however, (he water nowhere is very 
deep. The west bank slopes doivii apparently more pre- 
cipitately, making the deepest point ol the river near the 
ivcsterly shore, while tho bod is flat for considerable dis- 
tance across. On this lied was foimd seemingly some 
three to six fool ol gravel with tjouldcrs overlying rock. 
Rumor had it, tlial in old days the deep channel was 
close to the easterly bank and liad at sotnc time been fllled 
in. Then: is little evidence, however, tor this statement. 

In the New York shaft the rock below tho surface rapidly 
became harder and closer grained, but remained essentially 
the same in character to the bottom, and no fissures yield- 



was harder or softer than at others, and occasionally nar- 
row fissures, or mud scams, were met Here, however, the 
rock became more highly micaceous and rotten, and at 321 
feet a fissure was met yielding large quantities of salt water. 
There was immediately at this fissure complete change. 
The rock, which had hitherto been regular in si ratification, 
became an irregular micaceous schist. At 34S leet this 
gave place to a straight face, i j degrees olf vertical, with north 
and south strike, of soft ground. The record obtained of 
this seam proved as follows : 
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21) 
ioft, while decomposed {ddspalliic rock, 
:li, aUhough as soil as cheese, retained its 
ly vortical stralifieatioii shown by lines of . 
imposed black mica and garnets, which in 
ting, gave a gray appearance to the ma- 
.1. This was a kaolinizcd vein oi pegmatite. 

white, decomposed leU- 
and solt. This was also 
kaglinizal pegmatite. 
8 leet of solt, gray and green stratiHed material ; being 

a decomposed band ot mica schist. 
6 Icct oI green chlorite schist, having an appearance 

last formations were nodules trom a couple ol 
inches to a couple of feet diameter of quartz, 
partially decomposed, lca\inglho hard portions 
like a skeleton when cleared ol the soft parts. 
This was a decomposed band of excessively 
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pletely carbonized blatk wood resemWing Ijij- 

2 leet coarse river sand H-itli jiyrilcs in large quan. 

S feet sand and black mud with the same lignite fnr- 

small cavities about the size and shape of a wal- 
nut filled with balls o( pyrites evidently crysial- 
ized in place, tor tlie facets of the crystals wore 
perfectly formed in place, and there was no 

22 feet soil white decomposed feldspiUhic, in which 
were irregular lumps, as referred lo before, of 

odor of sulphuretted hydrt^en (fcetid quartz). 
4 feet green and while streaked. 
1 1 feet soft while feldspalhic. 

parently being a decomposed schist. 



quently n g p ca m U n 

part^ fo canw ndhhhd 

shelved oli at an angle of about 45 degrees, so that wh 
the floor of the tunnel was still in rock, which roquir 
drilling and blasting, the roof was already entered into t 
black mud mentioned. This mud, aflcr water had got a 
cess to it, became like soup in which the lumps of carbe 
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Fnllowiug on this came again unsound mica schists and 
gradually again into gneiss rock, at first full of fissures and 
seams and Ihcreaiter the solid BlackwcH's Island rock. 

A [Kiint worthy of note occurs in this rock at from TjO to 

where the rock is ot such intensely hard class that it was 
with the greatest difficulty that drills could be got to cut it. 
Tills section seems to be under some intense local stress, that 
from time to time, even six months since opening It, gives 
out reports like a pistol shot when the strain cracks the 

H-amiiig. It is only this single short length where any such 
tiling occurs, and it is now protected by arching. 

There was no other feature of note, until out under the east 
channel of the river about 260 feet from the cast shore of 
Blackwell's Island. There was encountered wliat appeared 
to be the eitrcnie bottom of a soft scam. 

At this point tliero exists something like 90 feet between jji 
the river bed and the tunnel. Still, going from the wcstg" 
eastward, the regular stratified gneiss gave place to mica'* 
schist, then to some 10 or 12 feet of dolomitic limestone, 
while the stratification seemed tube flattening: (hen came 
again an extremely faulty mica schist having clay clods 
lying between the joints, arising from disintegration in the 
folding surfaces. This schist, at first lying with flat dip 
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S2 
posed chlorite schist higii up on the nini, tlicii foliled 

mica sliist siiceecdcil a bed (if pure ivKito ciysWIIine rock 
baving a westward dip of about [5 degrees olT vertical. 

The presence of this formation is most interesting. It is 
a dolumitic limestone, in crystalline condition folded, in be. 

body occnrs at Ibis point while Ibt then folded end appears 
to the nest of the third soft seam mentioned above 

This formation extended about 150 to 160 feet, giving 
place again to mica schists, then again to a soK seam. 
TbLs soft seam, similar to those on the New York side, was 
30 feet through from rock to rock, consisting in part of 
white feldspalliic material, but principally of the decom- 
posed green schist, having quantities of the partially de- 
composed quart; lumps in it. 

Following this, a narrow schistose rock seam. Then a 



dicate that at the points where local strains had so changed 
and broken up the rock it had so permitted the access 
possibly il sea water or other chemicals in solution to set 
up this remarkable decomposition strictly withm these 

posed dark m ta r I i it al ) d' 1 the thangc The 
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other formation of note is tliis deposit of wliite crystalline 

folded back and squec!<cd out as described. 

This work, wbich at first invesligution had appeared to 
my best judgment a simple undertaking, requiring patience, 
skill and ordinary care, has in consequence of these pecu- 
"liar and quite une^cpcoted g:eolog:ical [ormafious developed 
Into one of considerable engineering difficulty and magni- 
tude. 

It should be noted in this connection, that at the time 
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it has trom first t[> last been to the laj'men a great uncei 
tainty. The troubled financial times, wliich happened li 
have [alien ujion us during Uic prioress of the work 
seriously delayed the completion and added to Ihe intense 
ansiety of those responsible for its success, who having put 
laith and money into the great scheme, were unable to see 

Blackwell'a Island scemcil to be ever receding as the 
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oi the confidence 
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in me, by the P 


esident an 


Directors, in granti 


ng me a 


all times, unstinted suppori; 


great factor in the 


of these 


operations, which 
net of the work. 


has been 


In this work I o» 


e thanks 


and praise to Mr. 
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who has been my 
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first inci[ 


eney and has car 


led out 


pers<innlly the t 


hole ol t 


instrumental work 
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pressure 
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To Mr. P. Filzgerald, who has 
charge uf all air pressure work, ai 
credit is due <ur his ability, readini 



Rcspccltully submitted, 

CHARLES M. JACOBS, 
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